Fermentation
Isaria sp. NBRC 104353 (National Institute of Technology and Evaluation, Tokyo, Japan) was cultivated in 50-ml test tubes containing 15 ml of potato dextrose broth (24 g l -1 potato dextrose; BD Biosciences, San Jose, CA, USA). The test tubes were shaken on a reciprocal shaker (320 r.p.m.) at 27 1C for 3 days. Aliquots (1 ml) of the culture were transferred to 100 ml Erlenmeyer flasks with a medium consisting of 3 g oatmeal (Quaker, Chicago, IL, USA) and 10 ml V8 Mix Juice (Campbell Soup Company, Camden, NJ, USA) and statically incubated at 27 1C for 14 days.
Isolation
The culture (20 flasks) was extracted with 80% aqueous solution of acetone. After filtration and evaporation of the solvent under reduced pressure, the aqueous concentrate was extracted with ethyl acetate (100 ml Â 3). The organic layer was dried over Na 2 SO 4 and then evaporated to dryness. The dried residue (1.2 g) was purified by silica gel medium pressure liquid chromatography (Purif-Pack Si-60) using a hexane/ethyl acetate gradient solvent system (100:0 to 85:15) and CHCl 3 
Cell-growth inhibitory assay
The human lung carcinoma cell line A549 was used in this study. The cells were cultured in DMEM medium (Wako Pure Chemical Industries, Osaka, Japan) supplemented with 10% fetal bovine serum (Gibco, Carlsbad, CA, USA), penicillin (100 U ml À1 ) and streptomycin (100 mg ml À1 ) at 371C in a humidified incubator with 5% CO 2 . The cytotoxic activity was estimated using a WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt) colorimetric assay. A549 cells were incubated in 96-well plates at a density of 1 Â 10 4 cells per well in 100 ml of medium overnight, after which they were treated with compounds at various concentrations for 48 h. Next, 10 ml of WST-8 reagent solution (Cell Counting Kit; Dojindo, Kumamoto, Japan) was added, and the plate was incubated in a humidified incubator with 5% CO 2 for 1 h at 37 1C. The absorbance of the formazan dye formed was measured at 450 nm. Actinomycin D was used as a positive control (IC 50 ¼ 8.5 nM).
Flow cytometry
A549 cells were exposed to 1 at 5 mM for 48 h. The treated cells were collected, washed with phosphate-buffered saline, fixed with cold 70% ethanol for 2 h on ice, and then stained with propidium iodide solution (50 mg ml À1 of propidium iodide and 10 mg ml À1 of RNase A in phosphate-buffered saline) at room temperature in the dark for 30 min. The DNA contents were determined using a flow cytometer (Millipore, Billerica, MA, USA).
Compounds 1 À3 were isolated from the acetone extract of the fungus Isaria sp. NBRC 104353 by medium pressure liquid chromatography and HPLC. The 1 H and 13 C NMR data for 1 À3 (Table 1) suggested that the basic structural skeletons were identical to those of pyridone alkaloids. [3] [4] [5] [6] Detailed structural information was obtained from a series of 2D NMR experiments, including doublequantum filtered-correlation spectroscopy (DQF-COSY), and HSQC and HMBC spectroscopy (Figure 1a, Supplementary Figure S2 ÀS6, S9 À13, S15 À19).
JBIR-130 (1) was obtained as a yellow amorphous solid, and its molecular formula was determined to be C 22 H 29 NO 6 by HRESIMS. The 1 H NMR, 13 C NMR and UV absorption spectra were significantly similar to those of militarinones A ÀD, 3, 4 to aromatic carbon C-5 suggested that the 1,4-substituted cyclohexane ring is linked to the C-5 position of the pyridone moiety. Analysis of 13 C NMR chemical shifts of the pyridone moiety and HRESIMS data revealed the presence of an N-hydroxy-pyridone moiety, which was also reported for fungal metabolites such as militarinone A, 3 torrubielonoe 5 and farinosone B. 6 The relative configuration of the cyclohexyl moiety could be assigned on the basis of NOESY data (Figure 1b, Supplementary Figure S7) . The NOESY correlations between methine proton H-4 0 (d H 3.67) and methylene protons Hax-2 0 /Hax-6 0 (d H 2.46) indicated that the ring was in chair conformation, with the 4 0 -OH adopting an equatorial orientation. The bulky pyridone moiety at C-1 0 preferred an equatorial orientation. In addition, these NMR spectral data were consistent with the data for the derivatives, militarinone A 3 and torrubiellone A, 5 which have the pyridone moiety and the 4 0 -OH group in the equatorial orientation. The absolute configuration at methine carbon C-14 was unassigned. Accordingly, 1 was determined as 5- (1,4- 
JBIR-131 (2) was isolated as a light-yellow amorphous solid, and its molecular formula was determined as C 22 H 31 NO 6 Pyridone alkaloids with a cis-(1,4-dihydroxy-cyclohexyl) or a 4-hydroxyphenyl moiety and a side chain have been found in secondary metabolites from fungi Paecilomyces sp. 3, 4, 6 and Torrubiella sp., 5 as biologically active compounds. Militarinone A, 3 which was initially isolated from Paecilomyces militaris, showed neurotrophic effect in PC-12 cells. In addition, militarinone B-D 4 and farinosones A-C 6 have been reported, and militarinone D has been found to be cytotoxic against PC-12 cells. 4 Torrubiellones A 5 isolated from Torrubiella sp. exhibited antimalarial activity. Thus, we tested the cell growth-inhibitory activity of 1 À3 against human lung carcinoma cells, A549. The IC 50 values of 1 À3 against A549 cells after 48 h were 87, 53 and 4125 mM, respectively. To explore the mode of action of 1, A549 cells were treated with 5 mM (which was relatively lower concentration than the IC 50 value) of 1 for 48 h, and the cell cycle was examined by flow cytometry. As shown in Figure 2 , 1 induced remarkable accumulation of A549 cells in the G 1 phase; this was concomitant with a decrease in the S and G 2 /M phase population. The G 1 arrest was not accompanied by an increase in the sub-G 1 region of cells with fractional DNA contents, which is typical in the late stages of apoptosis. Thus, 1 arrested the cell cycle at the G 1 phase without evidence of cytotoxicity. A detailed study of the biological activity of 1 is underway.
